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Abstract 
Effect of magnetic field on heat transfer in rectangular duct flow of a magnetic fluid was investigated experimentally. Experiment 
was performed with changing magnetic field intensity and this magnetic field can be varied from 0 mT to 500 mT. The magnetic 
fluid used in this experiment is water-based magnetic fluid named W-40. Magnetic fluid in the rectangular duct is heated with 
uniform heat flux. Reynolds number based on the hydraulic diameter was chosen 780 in magnetic fluid flow. Therefore, the flow 
in this experiment was laminar flow. As a result of this experiment, heat transfer coefficient increases locally in the region where 
magnetic field exists. This heat transfer coefficient becomes large with increasing magnetic field intensity and this increase of 
heat transfer coefficient is saturated. About 20 % of maximum increasing rate of heat transfer was obtained in the laminar flow of 
the magnetic fluid with applying magnetic field. 
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1. Introduction  
 
Magnetic fluid is a stable colloidal solution which uniformly dispersed surfactant-coated ferromagnetic particles 
in a liquid carrier such as water and kerosene. These inner particles are about 10 nm in size and in Brownian motion 
under no magnetic field. However, once magnetic field is applied to magnetic fluid, several interesting flow 
phenomena, which are not seen as a Newtonian fluid, have been observed because of the combination of strong 
magnetism and liquidity. These flow behaviors of a magnetic fluid seem to be caused by the formation of chain-like 
clusters. Moreover, in thermal engineering, magnetic fluid has also interesting thermophysical properties such as 
temperature-dependent magnetization and good heat conductivity. This thermophysical property seems to drastically 
change when magnetic field is applied to a magnetic fluid. 
When a magnetic fluid is applied to heat transfer applications such as cooling system for a micromachine[1], it is 
necessary to perform detailed investigation on the properties of heat transfer of a magnetic fluid under magnetic 
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field. Several studies on the heat transfer characteristics of magnetic fluid have been carried out for a long time with 
great engineering interest[2-4]. However, the heat transfer phenomena of a magnetic fluid are very complicated and 
there is not enough knowledge about it. 
In this study, we perform precise measurement of heat transfer in the rectangular duct flow of a magnetic fluid. 
The experiments are carried out with changing external magnetic field intensity. Based on the results of this 
experiment, the effect of magnetic field on the heat transfer in the rectangular duct flow of magnetic fluid was 
discussed.  
 
2. Experiment 
 
2.1 Experimental Apparatus 
 
Figure 1 shows block diagram of our experimental apparatus. The detailed structure of the rectangular duct (test 
section) was shown in Fig. 2. Flow system consists of a closed-circuit loop with the rectangular duct having square 
cross-section for the test section. This rectangular duct is made of a transparent acrylic resin except for the heater 
plate, having 18 mm u 18 mm of cross-section and 950 mm of length. The hydraulic diameter Dh of this duct is 18 
mm. Two thermocouples are set at the inlet and outlet of this duct. Therefore, we can measure the temperature of 
inner liquid at inlet Tin and outlet Tout. Magnetic field can be varied from 0 mT to 500 mT by the electromagnet, 
which located 450 mm downstream from the entrance of the test section as shown in Fig. 1. In this experiment, 
Reynolds number based on the hydraulic diameter was 780 (5 L/min of flow rate) in magnetic fluid flow. Therefore, 
the flow in this experiment was laminar flow.  
 
 
Figure 1:  Experimental apparatus. 
 
 
Figure 2:  Detailed structure of the test section. 
 
Heater plate is attached the bottom of the rectangular duct as shown in Fig. 2. Heater plate is made of the heater 
and copper plate. The flow liquid in the rectangular duct can be heated through this heater plate with uniform heat 
flux. The heat flux of this heater plate q is kept to 41 kW/m2 in this experiment. Five thermocouples are attached in 
the heater plate and located at x = (a) 205 (x/Dh = 15.3), (b) 340 (x/Dh = 18.9), (c) 475 (x/Dh = 26.4), (d) 610 (x/Dh = 
33.9) and (e) 745 mm (x/Dh = 41.4) downstream from the entrance (defined as x = 0) of this duct. Therefore, we can 
estimate the wall temperature of the heater plate (Tw) at each position. 
     In the experimental process, the inlet temperature Tin  was controlled at 23qC by the cooling system and heater of 
the storage tank. Meanwhile, the temperature difference between inlet and outlet is kept at 2.5 qC because heat 
power of the heater attached to the test section is constant at 1 kW. Therefore, the bulk temperature (Tb) of the 
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magnetic fluid flow increases linearly with the length of channel and we can calculate the bulk temperature at the 
each position.  
 
 
Table 1: Properties of the test fluid. 
Test Fluid Water Magnetic fluid 
Particle material - Fe
3
O
4
 
Particle diameter - about 10 nm 
Carrier liquid - water 
Density kg/m
3 
(at 25qC) 997 1305 
Viscosity mPas (at 25qC) 0.89 8.0 
 
 
 
Figure 3:  Effect of magnetic field on the heat transfer in a magnetic fluid. 
 
2.2 Magnetic Fluid 
 
Water-based magnetic fluid named W-40 produced by Taiho Industries Co./Ltd. was used in this experiment. W-
40 has 40% weight concentration of fine magnetic particles Fe3O4 in water. However, because W-40 is too dense for 
our experiment, we diluted this magnetic fluid to 70 volume % with water as test fluid. The properties of this test 
fluid are listed in Table1.  
 
3. Results and Discussion 
 
Figure 3 shows the effect of magnetic field on the heat transfer in the rectangular duct flow of a magnetic fluid. 
In this experiment, flow rate was kept to 5 L/min (Re=780). Heat transfer coefficient h can be calculated at each 
position where the thermocouple is attached (i.e. position (a) - (e) as shown in Fig. 2) by the following equation, 
 
TA
qh
s'
                                      (1) 
 
where, As is the heat transfer area of heater plate and 'T is defined by 'T = Tw - Tb. To compare between heat 
transfer with and without magnetic field, we evaluated the ratio of the heat transfer coefficient defined by hmag/hno mag. 
Here, hmag and hno mag are heat transfer coefficient with and without magnetic field at the same position, respectively. 
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Figure 3 indicates that when the magnetic field is applied to magnetic fluid flow, the heat transfer coefficient at 
the position (c) where magnet field exists largely increases comparing with heat transfer coefficient under no 
magnetic field. This heat transfer becomes large with increasing magnetic field.  
According to the research on nano-fliud heat transfer, the nano-scale particles reduce the thickness of thermal 
boundary layer of suspensions due to the change of shear rate, and increase heat conduction at the same time. As a 
result, the heat transfer coefficient increases with comparing with the base solution flow[5]. Generally, when the 
magnetic field is applied to the magnetic fluid, magnetic particles form micro-scale chain-like structure[6], and this 
structure could inhibit the axial velocity of the flow strongly[7]. This means the shear rate in the near wall region 
decreases. Moreover, when there is a magnetic field which is perpendicular to the temperature gradient imposed on 
the magnetic fluid, the thermal conductivity in direction of the temperature gradient does not change obviously[8].  
In our experiment, because the magnetic field is perpendicular to the side wall and the temperature gradient is 
perpendicular to the magnetic field as shown in Fig. 2. When magnetic field is applied to the magnetic fluid, the 
chain-like cluster will be formed along the direction of magnetic field. Therefore, as the shear rate in the temperature 
gradient direction increases, the velocity boundary layer and the thermal boundary layer near the heater plate 
becomes thinner than without magnetic field. As a result, the heat transfer seems to be enhanced under magnetic 
field. However, heat transfer at the position (c) does not increase with applying magnetic field more than 300 mT. 
Motozawa et al.[9] investigated growth of the chain-like cluster with using ultrasonic technique. According to them, 
the chain-like cluster grows to large size under the strong magnetic field. However, this growth will be saturated 
with applying magnetic field more than 300 mT. In our experiment, because the length of chain-like cluster is 
saturated under the 300 mT, heat transfer coefficient does not increase.  
At the position (d), though the heat transfer slightly decreases, similar result to the position (c) was obtained. 
This seems that good heat transfer at position (c) remains but weakens at the downstream of the area where 
magnetic field exists. On the other hand, at the entrance and the end of the test section (i.e position (a) and position 
(e)), the heat transfer coefficient hardly changes comparing with heat transfer under no magnetic field. This 
indicates that magnetic field influences locally on heat transfer of a magnetic fluid in the area where the magnetic 
field is applied (i,e, position (c)) and does not influence in other area.  
 
4. Conclusion 
 
Characteristics of heat transfer in the rectangular duct flow of a magnetic fluid subjected to magnetic field have 
been investigated experimentally. In this experiment, we performed detailed measurements of heat transfer in a 
magnetic fluid. 
When the magnetic field is applied to magnetic fluid flow, the heat transfer coefficient largely increases in the 
area where magnet field exists comparing with heat transfer coefficient under no magnetic field. This heat transfer 
becomes large with increasing magnetic field.  It seems that magnetic field influences locally on heat transfer of a 
magnetic fluid in confined area where the magnetic field is applied. 
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